The triggering of astrocytic calcium waves by NMDA-induced neuronal activation.
It has been well established that astrocytes possess functional receptors for the excitatory neurotransmitter glutamate and respond to physiological concentrations of this substance with oscillations in cytoplasmic Ca2+ concentrations and spatially propagating Ca2+ waves. These findings strongly suggest that glutamate released during synaptic transmission triggers such phenomena within the perisynaptic astrocyte in situ. We test this hypothesis in two preparations, the organotypic hippocampal slice and hippocampal neuron-astrocyte co-cultures, using the Ca2+ indicator fluo-3 and confocal laser microscopy. An agonist for the N-methyl-D-aspartate (NMDA)-preferring glutamate receptor is employed to stimulate neuronal populations specifically, leaving the astrocytic population unaffected as these cells appear to lack this glutamate receptor subtype. Such pharmacological stimulation initially elicits large Ca2+ transients within the neuronal populations, followed by Ca2+ spikes in surrounding astrocytes, presumably as the result of neuronal glutamate release. During continuous neuronal stimulation, the astrocyte's Ca2+ response becomes oscillatory, with a period averaging 33 s and ranging from 15 to 50 s at 21 degrees C. These findings establish another form of communication within the brain, that between neurons and astrocytes, which perhaps acts to couple astrocytic regulatory responses to neuronal activity.